We examined attendance at sexually transmitted disease (STD) clinics and the prevalence, distribution, and associated demographic and behavioral factors of self-reported sexually transmitted infections (STIs) in a population survey of sexual attitudes and lifestyles.
Despite 12 decades of intensive national HIV and sexual health promotion, sexually transmitted infections (STIs) remain a major public health concern in Britain [1, 2] . Government communicable disease and sexual health strategies have drawn attention to the recent increasing incidence of STIs (after a decrease during the 1980s), associated morbidity, and the need for comprehensive, integrated disease prevention strategies [3] . Much of our understanding of STI epidemiology in Britain still relies heavily on STI surveillance data derived from a national network of 1200 genitourinary medicine (GUM) or sexually transmitted diseases (STD) clinics [4] . The increases in diagnoses reported from these settings correlate well with increasing GUM clinic attendance and increasing population-wide behavioral risk during the past decade. However, this phenom-enon has occurred at a time of intensive sexual health promotion; changes in health care-seeking behaviors; increasing sensitivity of diagnostic tests (with the introduction of nucleic acid amplification assays); and changes in GUM screening and testing practices. Population-based studies may help to unpack the major factors associated with these trends. A smaller but significant proportion of STIs are believed to be diagnosed outside these settings, primarily in general practice; however, this varies substantially for different STIs [4] . Furthermore, recent plans to move STI diagnosis and care outside specialized settings, as well as the national implementation of genital chlamydia screening, will undoubtedly further increase this proportion in the future.
We have previously shown that slightly more than 10% of British men and 12% of British women aged 16-44 years report ever having been diagnosed with an STI [5] . However, because many STIs are asymptomatic and because patients with symptoms may seek treatment at a variety of alternative sites (e.g., general practices and family-planning clinics), STI surveillance data will tend to underestimate the true burden of disease.
There is marked heterogeneity in all societies in the distribution of STIs, with infection being concentrated among those with particular demographic and behavioral risk factors. More recently, epidemiologists have explored the concept of "core groups" (i.e., groups in the population that are small in size but have high STI rates and contribute disproportionately to the transmission of STIs in the population). Network analysis has been used to examine the transmission characteristics within core groups and "noncore groups." New STI prevention imperatives have driven the need to obtain more-robust population-based estimates of the distribution of STIs and to understand how these are related to behavioral risk factors and patterns of STD clinic attendance. Population-based estimates of the behavioral risk factors for STI transmission are also required to develop more-robust mathematical models, to explore STI transmission dynamics and the effect of prevention policies [6] [7] [8] .
In the present article, the concept of phase-specific approaches to STI transmission is explored with the underlying assumption that different control strategies might be used for different infections, depending on the "phase" of their epidemiology. Thus, we might distinguish between a newly introduced infection (e.g., HIV infection), for which early control might require intense targeted intervention in the epidemic center, with widespread education; endemic widespread infection (e.g., genital chlamydia), for which population screening might be more appropriate; and diseases "close to elimination" (e.g., chancroid and heterosexual syphilis in the United Kingdom), for which control might more appropriately involve intensive "outbreak management" and contact tracing. In general, as incidence decreases, we would expect to see infection increasingly confined to the higher-risk core groups. This, in turn, might alter our approach to control from one of generalized screening for widespread infection to case finding and contact tracing for rare diseases.
An alternative epidemiological approach to conceptualize "epidemic phase" and define interventions is to consider the proportionate population burden (PPB) for different risk factors for a specific disease. This provides some measure of the proportion of disease that would be eliminated if disease could be controlled in that fraction of the population with the risk factor and might be used to guide prevention strategies such as selective screening. The PPB can be defined as the proportion of all disease in the population among the fraction of the population exposed to a particular risk factor. The degree of concentration of disease in that group can be conceptualized by comparing the proportion of total disease borne by the proportion of the population exposed to the risk factor of interest.
In this article, we explore the individual risk factors for reported STI acquisition and STD clinic attendance in a population-based survey. We then extend this analysis to explore the variations in the PPB for key STI diagnoses for a number of key risk factors, by use of data from the second British National Surveys of Sexual Attitudes and Lifestyles (Natsal 2000) and from national STI surveillance. We further explore the variation in PPB in the current epidemiology of STIs in Britain by use of national STI surveillance data.
METHODS

Survey method.
Natsal 2000 is a stratified probability sample survey of 11,161 men and women aged 16-44 years residing in Britain who were interviewed between May 1999 and February 2001. The response rate was 65.4%. Details of the survey methodology are published elsewhere [9, 10] . In brief, a stratified sample of 40,523 addresses was selected from the smalluser postcode address file for Britain, by use of a multistage probability cluster design, with oversampling in greater London [11] . Interviewers visited all selected addresses, enumerated residents aged 16-44 years at each address, and then randomly selected 1 to be invited to participate. Interviews took place in respondents' homes. From the 40,523 addresses visited, 16,998 households were identified with an eligible resident aged 16-44 years.
A questionnaire was developed for a combination of face-toface computer-assisted personal interviews performed by trained interviewers and computer-assisted self-interviews (CASIs) [10] . Individuals with no sexual experience of any kind and individuals aged 16-17 years with some heterosexual experience but no heterosexual intercourse or homosexual experience reported in screening questions were not assessed by use of the CASI module. The majority of questions were identical to those in a previous survey conducted a decade earlier (Natsal 1990) [12] [13] [14] , with additional questions that focused on patterns of partnership formation, sexual mixing, and STI acquisition [10] . Results from Natsal 2000 were compared with those from respondents aged 16-44 years in Natsal 1990. Natsal 1990 used face-to-face interviews and pen-and-paper self-interviews (n p men and women in Natsal 1990). For all variables for 13,765 which comparisons are reported between Natsal 1990 and Natsal 2000, we used questions with identical wording in the 2 surveys [10, 13] . Natsal 2000 was approved by the University College Hospital and North Thames Multi-Centre Research Ethics Committee and all the local research ethics committees in Britain.
Data analysis. The data were weighted to adjust for the unequal probabilities of selection (i.e., residence in inner London, outer London, and rest of Britain) and number of eligible residents in the household. After selection weighting, the sample was broadly representative of the British population, although men and residents of greater London were slightly underrepresented, as were those aged 25-29 years, compared with 1999 population estimates [16, 17] . To correct for differences in sex, age group, and government office region between the achieved sample and population estimates, a nonresponse/poststratification weight was applied. Natsal 1990 data were weighted for differential selection probabilities and poststratified to the 1991 census estimates, according to the procedures outlined for Natsal 2000.
We performed all survey analyses in STATA (version 7.0; StataCorp) [18] , taking account of stratification, weighting, and clustering of the data. The analysis focused on self-reported STD clinic attendance and STI acquisition and their association with a range of demographic and behavioral variables. Selfreports of diagnosis with the following STIs were collected and analyzed individually and were combined as a single variable, "diagnosed with any STI": gonorrhea, genital chlamydia, syphilis, nonspecific urethritis (NSU)/nonspecific genital infection, genital herpes, genital warts, trichomonas, and pelvic inflammatory disease.
Analyses were undertaken to compare STD clinic attendance patterns among respondents aged 16-44 years between the 1990 and 2000 surveys. For this purpose, Natsal 1990 data were weighted for differential selection probabilities and then poststratified to the 1991 census estimates, thereby differing slightly from the method used in previous publications [13] . Results are presented separately for each sex. Logistic regression modeling was used to determine the factors that were independently associated with STD clinic attendance; changing patterns of STD clinic attendance over the past decade; and being diagnosed with an acute STI during the past 5 years. Results are expressed as crude odds ratios (ORs) and, where applicable, adjusted ORs (aORs), with 95% confidence intervals (CIs).
Statutory KC60 returns from all GUM clinics in England, Wales, and Northern Ireland provided aggregate data on the total episodes of diagnosed STIs, by sex and age group (and sexual orientation for selected conditions). The ISD(D)5 returns system provided disaggregate data on all STI diagnoses in GUM clinics in Scotland. Both systems were used to obtain national STI data from all GUM clinics in Britain in 1999 to calculate the PPB for diagnosed genital chlamydia, gonorrhea, syphilis, genital herpes, and genital warts, by sex, age, and sexual orientation [15] . The increases in reported STD clinic attendance between 1990 and 2000 occurred across a wide range of demographic and behavioral subgroups but were particularly marked in regions outside greater London and among women, compared with men. Adjusting for age, marital status, and region made little difference to the magnitude of the increases (table 1) .
RESULTS
Reported
STD clinic attendance and STI diagnosis. Not surprisingly, a strong association was found between reported STD clinic attendance and the likelihood of being diagnosed with an STI: 77.59% (95% CI, 67.68%-85.13%) of men and 60.30% (95% CI, 53.35%-66.85%) of women who reported у1 STI diagnosis during the past 5 years reported attending a GUM clinic during the past 5 years. In contrast, 33% of men and 40% of women who attended an STD clinic during the past 5 years were diagnosed with an STI during this period, compared with 0.7% of men and 1.7% of women who had not attended an STD clinic (table 2) . Among all men, genital warts, NSU, and genital chlamydia were the most commonly diagnosed infections, whereas genital chlamydia and genital warts were the most commonly reported STIs among all women.
Factors associated with the acquisition of an STI. Table 3 shows the percentage (95% CI), OR, and aOR for factors associated with STI acquisition during the past 5 years, by sex, .39
.00
.03
Marital status Married for Natsal 2000. In total, 3.0% of men and 4.0% of women reported having been diagnosed with an STI during the past 5 years. In univariate analysis, for both men and women, recent STI acquisition was significantly associated with younger age, not being married, increasing numbers of sex partners, homosexual partnerships, and having new sex partners from abroad during the past 5 years. The very strong association between increasing numbers of reported sexual partnerships and being diagnosed with an STI was confirmed. Although only 0.6% of men and 1.8% of women with 0-1 partner during the past 5 years reported having been diagnosed with an STI, 11.8% of men and 19.0% of women who reported having у10 partners during this period were diagnosed with an STI. We found no significant association between social class or social deprivation (data not shown) and recent STI diagnosis, for either sex. After adjustment for key demographic and behavioral variables, age and reported number of sex partners remained highly significantly associated with being diagnosed with an acute STI during the past 5 years, for both men and women (table 3) , along with residence in greater London (for women only) and homosexual partnership during the past 5 years (for men only). Considerably weaker but significant independent associations were also observed among women who reported having a new sex partner from abroad during the past 5 years (aOR, 1.56). Overall, reported sexual partnerships remained the dominant association, with men (aOR, 17.63) and women (aOR, 7.84) who reported having у10 sex partners during the past 5 years at greatest risk.
Heterogeneity in the distribution of reported STIs. Table 4 shows the highly skewed distribution of reported STI diagnoses in the general population and the disproportionate disease burden borne by homosexual men, those living in greater London, and those reporting high numbers of sex partners. Although only 2.9% of men reported having had у1 homosexual partnership during the past 5 years, they accounted for 10.2% of all STIs reported in men during the past 5 years. Residents of greater London accounted for 14% of our (weighted) sample but accounted for 118% of all reported STIs in men and for 21% of STIs reported in women, diagnosed during the past 5 years. Examination of the distribution of reported genital chlamydia and genital warts during the past 5 years also suggested differential distribution of these infections within the general population, by sex, sexual orientation, and reported partnerships during the past 5 years (table 4) .
This disproportionate disease burden may be mediated by the higher mean number of reported partnerships (heterosexual and homosexual) found among these groups. Men with a homosexual partner during the past 5 years reported a mean (SD) of 26.7 (109.9) sex partners during that time, compared with 4.1 (8.3) among those men who reported having no homosexual partnerships. Similarly, men residing in greater London reported a mean (SD) of 8.1 (49.7) sex partners, compared with the 4.2 (9.1) sex partners reported by men living outside greater London. This strong association between diagnosed STIs and sexual behavior is further illustrated by examining the distribution of diagnosed infections across reported sexual partnerships. Among men, 76.8% (PPB) of all reported STIs during the past 5 years occurred within the 24.4% of the male population who reported у5 sex partners during that time (table 4) , and 160% (PPB) of all reported STIs during the past 5 years occurred among women found within the 12.7% of all women in the corresponding group. Among those who reported only 1 partnership during the past 5 years (60% of women and 46% of men), the PPB for reported STIs was higher among women than among men (26.7% vs. 9.1%, respectively).
Heterogeneity in the distribution of diagnosed STIs. A comparison of the PPB for specific STIs (table 5) confirms the marked heterogeneity in their distribution within the general population. Thus, for genital chlamydial infection, which is the most common bacterial STI and is widespread and endemic in the population, the PPB was 2.81% in proportion to the estimated 2.6% of men having homosexual partnerships.
In contrast, the PPB for gonorrhea, the incidence of which in the general population is much lower than that of genital chlamydia, among homosexual men, was 17.36%, whereas the PPB for syphilis, which has a very low incidence in the general population among homosexual men, exceeded 32%. Thus, as STIs become rarer in the population, they become increasingly confined to the core group.
PPBs also show different patterns for men and women, by age. For women, STIs are much more markedly concentrated among the 26.4% of women aged 16-24 years (PPB range, 50.65%-72.08%) than among men in the same age group (PPB range, 17.42%-48.57%-72.08%). This likely reflects both age mixing of sex partners (since men have, on average, younger female partners) and differences, by sex, in age-specific patterns of sex partner change.
DISCUSSION
The present study is the first probability sample survey in Britain to explore in detail the population-based distribution of and factors associated with reported STI acquisition. We have also been able to explore the associated factors and changing patterns of STD clinic attendance over the past decade. Our data confirm the nonrandom distribution of STIs in the population, with the disproportionate burden of disease experienced by highly sexually active individuals, those who live in greater London, and those who report having homosexual partnerships. During the past 5 years, 1 of 10 homosexual men and men who had paid for sex were diagnosed with an STI. STI risk during this period was also strongly associated with increasing numbers of sex partners, so that 1 of 7 men and 1 of 6 women who reported having у10 partners during the past 5 years had been diagnosed with an STI. The close association between STI acquisition and heterogeneity in sexual behavior was further illustrated by examining the proportion of STIs attributable to those in the upper distribution of partnerships (i.e., men who reported having male sex partners and younger respondents).
Data from mathematical models suggest that the lower the mean and the variance in the rate of sex partner change, the more concentrated the infection will be in the tail end of the distribution of risk behavior [19] . However, this factor alone cannot explain the population distribution of disease. Other factors, including probability of transmission, patterns of sexual mixing, duration of infectivity, health care-seeking behaviors, and STI-prevention interventions, all act in concert to produce unique population distributions for specific STIs [20] [21] [22] . We explored findings from STI surveillance regarding the highly concentrated nature of gonorrhea and syphilis in Britain, in comparison with genital chlamydia and genital warts [4, 23] . We have previously reported the prevalence of partner concurrency and its association with prevalent genital chlamydial infection [5, 10] . This analysis confirms the overwhelming effect of numbers of sex partners at risk, for individuals and populations [24, 25] . Patterns of sex partner mixing are also an important influence on STI transmission. Further exploration of assortative and disassortative mixing by age, ethnicity, and social class and their relationship to STI acquisition is planned.
We recorded a near doubling of reported STD clinic attendance since 1990, a finding consistent with national surveillance data, which indicate that STD clinic visits increased from 669,291 in 1991 to ∼1.3 million in 2001-representing a 155% increase in clinic workload and a 61% increase in diagnosed STIs. These increases have occurred throughout the population, resulting in increasing diagnoses, STD clinic workload, and waiting times [4, 15] . These increases may reflect increased availability of or increased demand for diagnostic and curative services, and there is some evidence to suggest the former (including the expansion and promotion of STD services, increased availability of STI diagnosis, and treatment in primary care settings) [26, 27] . However, an equally plausible contributory explanation lies in the observed changes in sexual behavior over the past decade, with substantial population-wide increases in partner acquisition and homosexual partnerships [10, 28] . These increases have, in general, been more marked among women and those residing outside greater London [10] . Although increases in consistent condom use were observed, increasing numbers of reported partners largely counterbalanced this phenomenon, thus increasing the likelihood of adverse sexual health outcomes, including STD clinic attendance and reported STIs.
Although we found considerable overlap in the factors associated with STD clinic attendance and STI acquisition, sexual behavior (reported numbers of partners during the past 5 years) was the overwhelming factor independently associated with both outcomes. Our data confirm that increases in STD clinic attendance have occurred among both low-and high-risk individuals and that a substantial proportion of those attending STD clinics will not be diagnosed with an STI. This is especially relevant given recent increases in general-population sexual health promotion campaigns promoting STD clinic attendance and asymptomatic sexual health screening [27] . At the population level, the present article has demonstrated that a high proportion of disease burden falls on a small proportion of the population and that the relative contribution of particular high-risk populations to disease transmission varies with the incidence and, by implication, the epidemic phase of the condition. Close to half of reported acute STIs during the past 5 years occurred among the !10% of the population who reported у10 sex partners. This phenomenon might be regarded as an indication of the public health gain that might be achieved by focusing control efforts on particularly highrisk population groups. Conversely, the higher PPB (26.7%) for reported STIs among women who reported only 1 sex partner during the past 5 years, compared with the PPB for men (9.1%), may similarly indicate the importance of mixing between men with multiple sex partners and monogamous women in maintaining STI transmission in populations and gives an indication of infection that might be missed by focusing efforts only on women with multiple partners.
Analysis of national STI surveillance data clearly demonstrates the increasing concentration of STIs among the highestrisk groups as incidence decreases. Syphilis is now relatively rare in Britain and is increasingly restricted to the highest-risk groups, so that nearly one-third of syphilis cases in men occur among the estimated 2.9% of the population with recent homosexual partners. Intensive and focused control measures in this group are, therefore, likely to achieve significant population gains, with the objective of disease elimination. Conversely, for a common, poorly controlled infection such as genital chlamydia, there is little evidence of concentration of acute infection in high-risk populations, since 93% of cases are heterosexually acquired and incidence is high. Control strategies are more appropriately focused on population screening in men and women aged 16-35 years, among whom the PPB is close to 90%, and reported behavioral risk factors provide additional potential for selective screening, especially among men. Our estimates of PPB combined data from STI surveillance and populationbased surveys and illustrate the complementary use of these data sources in understanding disease distribution. The analyses could also have been undertaken using only the populationbased data on reported STIs in the past year (as opposed to diagnosed STIs from KC60). This would have the added advantage of capturing diagnoses made outside the GUM setting and allowed the calculation of PPBs for a wider range of demographic and behavioral characteristics. However, as the numbers of reported STIs in Natsal 2000 are relatively few, the combined approach is advantageous. The approach is further strengthened when STI surveillance programs collect a greater range of variables apart from sex and age group (e.g., in enhanced STI surveillance programs).
The present study has some limitations. A key challenge for all sex-survey research is to reduce measurement error that may be introduced by a number of factors, including participation bias, recall and comprehension problems, and respondents' unwillingness to report sensitive and socially censured attitudes or behaviors [7, [29] [30] [31] [32] . Methodological developments, such as CASI, can improve internal consistency and, in some instances, willingness to report socially censured behaviors, with improved validity [9, 33] . Over the past decade, the social awareness of and willingness to publicly discuss sexual matters may have increased the reporting of behaviors, such as STD clinic attendance. The item nonresponse rates of questions pertaining to reported STIs and STD clinic attendance were in keeping with other parts of the questionnaire, and there was no evidence of any differential nonresponse.
In this probability sample survey of sexual attitudes and lifestyles, we have demonstrated significant increases in STD clinic attendance in Britain over the past decade and have explored the distribution and associated factors of acute STIs in the British population. Compared with many other countries, Britain has relatively low rates of HIV infection and other STIs, which, in part, reflects the long-standing establishment and investment in STD services. However, taken in concert, these data provide some evidence of the increasing burden being placed on existing sexual health services and the marked heterogeneity in the population distribution of diagnosed STIs.
